The interindividual age-related decrease in baroreflex sensitivity (BRS) was reported in many cross-sectional studies. However, the long-term intraindividual decrease in BRS has never been confirmed by longitudinal studies. Data obtained from a 5-year prospective study designed to assess the 5-year stress effects on blood pressure (BP) provided the opportunity to assess longitudinal aging process on spectrally determined BRS (S-BRS) using the cross spectral analysis. This analysis was carried out in 205 men aged between 18 and 50 years who had 2 valid beat to beat BP recordings (Finapress) at a mean 5-year interval. At inclusion and at end of follow-up, S-BRS was significantly correlated with age (rϭϪ0.50, PϽ0.001, rϭϪ0.33, PϽ0.001 respectively). Interestingly, the slopes and the intercepts were not significantly different at a 5-year interval. This result is in favor of the good reproducibility of S-BRS. The attenuation with age of S-BRS was calculated at 3.6% a year. This decrease was slightly higher than the one obtained with the baseline data (2.3% per year). This longitudinal study provided, for the first time, an estimate of the slope of the age-related physiological S-BRS decrease in a mid-aged healthy male population. Our findings reinforce the interest of evaluating spontaneous BRS reported to predict hypertension and cardiovascular events in various populations. (Hypertension. 2007;50:543-546.)
B aroreflex sensitivity (BRS) is a relevant index of the autonomic control of blood pressure (BP). Historically, BRS was determined using drug-induced BP and heart rate (HR) opposite variations. More recently, noninvasive techniques of determining spontaneous BRS have been implemented, 1-3 the spectral method being one of the most popular. The spectral determination of BRS (S-BRS) is a reliable measure of BRS because it has often been reported to be correlated with the pharmacologically determined BRS. 4 -7 S-BRS is easy to determine, and repeated measures are easy to make. Aging process on S-BRS has already been reported in several cross sectional studies. 8 -12 Such studies only report interindividual S-BRS variation with age. Thus, S-BRS has consistently been reported to decrease with age. Physiological aging in men was associated with a marked reduction in baroreflex buffering. A differential aging process on baroreflex buffering BP and cardiovagal baroreflex was reported. 10 The decrease in baroreflex buffering with aging was related to an increase in basal sympathetic nerve activity and to a reduction in systemic Alpha1-adrenergic vascular responsiveness whereas the decrease in cardiovagal baroreflex was related to a decrease in parasympathetic pathways. 10, 13 However, to our knowledge, the intraindividual BRS alteration with age has never been reported. For that purpose, we analyzed the S-BRS 5-year aging process in a cohort of 205 healthy young men. This unique data set was extracted from a 5-year follow-up study designed to assess stress effects on BP. 14 In our study, because the sensitivity of the BRS control of HR was studied using the cross spectral analysis of SBP and HR, only the cardiovagal baroreflex was analyzed.
Subjects and Methods

Subjects
The study was conducted on full-time employment subjects working in a chemical company, aged between 18 and 55 years (37Ϯ10 years). Among the 473 eligible subjects, 370 volunteered to participate in the study: 330 healthy subjects were included if their dipstick urinalysis were within normal limits and if they were free of any current medication that could interfere with BP regulation; 319 subjects had a valid baseline Finapres recording. After inclusion in 1995, subjects were followed for outcome until 2001. None of the subjects was lost for follow-up and each subject who was planned to discontinue the study had a final evaluation for the primary end point of the stress study. During the 5-year follow-up, 94 subjects had a premature final visit. Main reasons for discontinuation during follow-up were retirement (31 subjects), job transfer (22 subjects), and medical reason (nϭ9). No Finapres recording was planned in case of premature discontinuation. Among the 257 subjects who had a final visit 5 years later, 5 subjects refused to have a Finapres recording and 27 recordings were not valid for S-BRS assessment. Because the population was mainly composed of men (20 women), the presented data of baroreflex aging process were restricted to the 205 men who had 2 valid beat-to-beat BP recordings at a 5-year interval (5.3Ϯ1.4 years).
Anthropometric variables (age, body mass index [BMI]) are summarized in the Table. Alcohol consumption was classified into 5 levels after interview (Ͻ1 drink/week, Ͻ1 drink/d, 1 to 2 drinks/d, 3 to 4 drinks/d, Ͼ4 drinks/d). All patients gave their written informed consent and the study protocol was approved by the independent Lyons Ethics Committee.
Protocol of Work-Site BP Measurement
The study was conducted at work site, in a quiet room with a controlled temperature at 20°C. Work-site systolic (SBP) and diastolic (DBP) BP were measured 3 times in a row with the use of a mercury sphygmomanometer, after 5 minutes resting in a recline position. The average of the last 2 SBP and DBP measurements was taken into account. These measurements were made at the beginning and end of follow-up.
Beat-to-beat BP was also recorded using a Finapres device (model 2300, Ohmeda). The cuff was wrapped around the forefinger of the nondominant arm resting on a table, whose level was adjusted to obtain a less than 5 mm Hg difference with the previously determined BP (mercury sphygmomanometer). The equipped arm of the seated subject was held in the same position throughout the procedure. After a 2-minute period of familiarization, the automatic calibration was switched off. BP and HR were then recorded for 10 minutes at rest.
BP Signal Analysis
Signal acquisition and data processing to assess spontaneous BRS was previously described. 15 In brief, BP signals were sampled at a rate of 100 Hz and data were stored for further processing. Data processing was performed on a 4-minute recording. The spectral determination of BRS was assessed on a 256 points completed to 512 points by zero padding. Cross-spectral analysis of SBP and HR was performed. The zero padding was used to increase the frequency resolution of the LF band. S-BRS was estimated through computa-tion of the modulus of the transfer function between SBP and HR variations in the mid-frequency band (0.07 to 0.15 Hz).
Statistical Analysis
Data are expressed as meanϮSD in the text and tables. Mean S-BRS was computed for 6 clusters of age (Յ25, 26 to 30, 31 to 35, 36 to 40, 41 to 45, Ն46 years). Mean values of S-BRS in each cluster of age were compared using an ANOVA followed by a post hoc Fischer test. The normal distribution of each variable was tested using a Kolmokorow-Smirnoff test. The age-related decrease in S-BRS in each cluster of age was compared in absolute values and in percentage. The paired Student t test was used to compare inclusion to end of follow-up mean values. Pearson coefficients of correlation were computed to assess time process for each variable. All statistical analyses were performed using Statistica 6 software (StatSoft Inc). PϽ0.05 was considered statistically significant.
Results
Mean age of subjects was 36Ϯ10 years at baseline. Subjects whose baseline BP was greater than 140/90 mm Hg represented 11.2% of the population. The Table summarizes the mean characteristics of the study population at baseline. SBP and HR individual values were significantly correlated 5 years later (rϭ0.61, PϽ0.001; rϭ0.59, PϽ0.001, respectively). S-BRS had a normal distribution (dϭ0.072, NS). S-BRS individual values were negatively correlated with age at inclusion and end of follow-up (rϭϪ0.50, PϽ0.001, Figure 1A ; rϭϪ0.33, PϽ0.001, Figure 1B) . After a 5-year interval, mean S-BRS was significantly lower (Table) . S-BRS at baseline was significantly correlated with S-BRS at the end of follow-up (rϭ0.45, PϽ0.001; Figure 1C ). The 5-year decrease in S-BRS was significant in clusters of ages (20 to 25, 26 to 30, 36 to 40, 41 to 45 years; Figure 2 ). However, the age-related decrease in SBRS, neither in absolute values (Figure 3 ) nor in percentage (data not shown), were significantly different between clusters of age. The age related decrease in S-BRS was significantly correlated with the baseline S-BRS (rϭϪ0.51; PϽ0.001). BRS was slightly correlated with BMI at baseline (rϭϪ0.18, PϾ0.05) but not at the end of follow-up (rϭϪ0.09; NS). Five-year changes in S-BRS were not significantly linked with those in BMI (rϭϪ0.14; NS).
Discussion
Cross-sectional studies suggested that BRS decreased with age when comparing the BRS of subjects of various ages. 8 -12 Our longitudinal study is the first to confirm the decrease in S-BRS Data are expressed as meansϮSD. over time in men. Furthermore, between 20 and 50 years, the 5-year decrease in S-BRS is constant and not age-related. We implemented a longitudinal study designed to assess the stress effects on 5-year BP alteration in a large sample of subjects. 14 Individual BP stress reactivity and individual impact of job strain were tested for BP alteration. Stress BP reactivity was measured with Finapres device at a 5-year interval between inclusion and end of follow-up. This data set provided a unique opportunity to assess aging process on S-BRS.
Characteristics of the 205 Study Subjects at Baseline and at the End of Follow-Up
BRS can be determined in the frequency domain by the computation of cross-spectral analysis but also in the time domain using the sequence method. 3 The determination of BRS in the temporal domain using the sequence method had consistently been reported to be strongly correlated with spectral BRS determination. [15] [16] [17] [18] As in our experience the sequence method appeared to be slightly less reproducible at short term (1 week), we now only determine BRS in the frequency domain. Recently, Johnston et al also reported lower coefficients of variation and reproducibility coefficients if BRS were determined with the spectral method instead of the sequence method. 19 As already reported in cross-sectional studies, S-BRS among subjects aged between 18 and 50 years decreased with age. In young adults, Davy et al 20 showed that baroreflex sympathetic pathway was preserved with age. Baroreflex control of sympathetic nerve activity was not altered whereas baroreflex control of parasympathetic nerve activity was attenuated by aging in humans. 13 Moreover Laitinen et al 12 confirmed these results in a larger sample of subjects (nϭ63, aged 23 to 77 years) using both the sequence and the cross-spectral determination of BRS for Finapres recordings. Such a result is important to consider because a baroreflex impairment that is the consequence of the decrease of the vagal autonomic function is considered as an independent marker of mortality. [21] [22] We also found such an aging process on BRS when analyzing baseline data. Five years later, S-BRS was also significantly correlated with age. Interestingly, the slopes and the intercepts were not significantly different at a 5-year interval, which is in favor of the good reproducibility of the spectral determination of BRS. The significant test-retest correlation obtained in a large number of subjects at a 5-year interval showed that S-BRS has a predictable time evolution. For instance, at a 5-year interval the test-retest correlation coefficient of S-BRS (rϭ0.45, PϽ0.001) was within the range of the SBP one (rϭ0.61, PϽ0.001). Time evolution of S-BRS is thus as predictable as the SBP one. Because S-BRS is partly derived from SBP determination, any estimate of its time evolution is limited by the time evolution of the BP signal. Because S-BRS is reproducible in the short term 15, [23] [24] [25] and has a predictable evolution in the long term, S-BRS can be considered an intrinsic characteristic of each subject and therefore used in research studies and clinical practice.
In cross-sectional studies, a large variability in interindividual BRS was consistently observed. Our study is the first one to analyze the aging process on BRS by means of a prospective design. A longitudinal design provided a better control of BRS variability, each subject being his own control. The slope of the age-related decrease in S-BRS (Ϫ0.45 ms/mm Hg/year) was higher to the one obtained with the cross-sectional data (Ϫ0.28 ms/mm Hg/year). In our longitudinal study, the decrease in S-BRS represented 3.6% per year. Although not significant, Figure 3 suggests that S-BRS decrease with age could be attenuated after 45 years. However, Umetani et al 26 reported a linear decrease in autonomic control from 10 to 99 years. A longitudinal study including older subjects would be of major interest.
Limitations
Although controversial, cardiovagal baroreflex gain has been reported to be significantly lower in women compared with men. 27 In our study, it was not possible to analyze gender effects. Thus, our results should be restricted to measuring S-BRS decrease between 18 and 50 years in a male population. In our study, physical activity was not recorded. Physical training increases BRS and might decrease cardiovascular risk in a given subject. The physiological decrease in BRS is unclear. Major hypotheses include aging process on the intima/media ratio of the carotid and aging process on the speed of nerve conduction. The age-related decrease in S-BRS could also be a mixture of cell aging, reduced physical 
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Aging Process on Baroreflex 545 activity, and BMI increase. As our cohort study did not control these factors, it was not possible to differentiate relative influences of each potential mechanism.
Perspectives
The BRS that is easily determined using a 5-minute rest BP recording should be more frequently monitored. A normal BRS is an index of the integrity of the autonomic nervous system. It is an intrinsic characteristic of each subject which might be considered as an integrator of many physiopathological events. BRS is increased by physical activity and conversely altered in diabetes and hypertension. A study whose aim would be to evaluate its prognostic value in healthy populations to predict hypertension should be undertaken. BRS has also been associated with metabolic risk factors and proposed to be an ideal index of cardiovascular risk in hypertension. 28 Furthermore, the decrease in the vagal component of BRS may also be considered as an independent risk factor of cardiovascular events as recently reported in chronic renal failure. 29 The contribution of BRS to treatment effects could be considered in clinical trial. For instance, in secondary prevention, endarterectomy of the internal carotid artery showed the increase of BRS and its improving was correlated to cardiovascular events at a 5-year interval. 30 This longitudinal study confirms the age-related decrease in BRS already reported in cross sectional studies. In men aged 18 to 50 years, the decrease in BRS was evaluated at 3.6% a year. Our findings reinforce the interest of evaluating spontaneous BRS known to predict hypertension 31 and cardiovascular events in various populations. 21, 22 
